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aligns with recent advances demonstrating that host phenotypes are profoundly affected by their 72 complex microbial communities, in both cooperative and competitive ways (9) (10) (11) . Holobionts 73 and their hologenomes are less entities that elucidate something per se than they are entities that 74 need elucidation. 75 The next question then is what is in need of elucidation? For any given symbiosis, host 76 genetic variation may affect susceptibility to colonization of diverse microbes or even promote it 77 in a highly specific way, microbial genetic variation may favor colonization while also affecting 78 competition with coinfecting microbes, and environmental variation may substantively influence 79 these dynamics and drive rapid microbial community changes. What is then in need of 80 elucidation is how common and influential these forces are across host-microbial systems.
81
Moreover, covariance between hosts and members of their microbiota is another important area 82 of future research. Covariance can be achieved via vertical inheritance or selective filtering from 83 the environment. The relative importance of these modes of holobiont assembly is not well 84 resolved, yet either way, covariance in genetic compartments of the hologenome can yield 85 variation in phenotypes upon which evolutionary processes can act. Finally, hologenomic 86 variation may arise not only by mutation and recombination in the host and microbiome, but also 87 by acquisition of new microbial strains from the environment, microbial amplification that 88 involves a change in microbial abundance, and horizontal gene transfer among microbes (2).
89
Another area in need of elucidation is whether variation in traits caused by different host-90 microbiota assemblies drives a multigenerational response to selection. If there is a response to 91 selection, then did it occur at the host, microbe, or microbial community levels? Can shifts at the 92 microbial community level act akin to shifts in allele frequencies in host genomes? Preliminary 93 indications are that not only can this occur, but that we can capitalize on its occurrence by artificially selecting (i.e., microbiome engineering) holobiont phenotypes in applied contexts (12, 95 13).
96
The hologenomic view of biology importantly does not prescribe host-centric or microbe-97 centric attributes to changes in holobiont macrobe functions, but rather takes into account the 98 emergent interactions and outcomes of hosts and their microbiota. It is a relatively new view and 99 is therefore liable to be interpreted in ways that misrepresent its original conception. For 100 example, a recent paper expressed skepticism of the hologenome concept, yet did so by relying 101 on alternative definitions that incorrectly restricted hologenomes to only those situations when 102 holobionts are primary units of selection that arose by vertical inheritance and coevolution (8).
103
The result is a straw man argument. The hologenome concept requires evaluation as any new 104 idea does. However, to have a robust debate, skeptics and proponents must use the same 105 terminology and framework. Here we highlight errors in these recent narrow definitions of the 106 holobiont and hologenome, keeping them consistent with their original pluralistic definitions, 107 and attempt to stimulate understanding of the link between holobiont phenotype and genotype.
108
The first argument proposed against the hologenome concept is that if X did not coevolve 109 sensu stricto with Y, then the hologenome is not real (8, 14, 15) . In this case, X and Y are 110 respectively a microbe/microbial community and a host. As emphasized above and in the Prevalent misuse of coevolution in the microbiome literature is a legitimate concern and 140 was the impetus for some of us coining the word "phylosymbiosis" (17). It describes the 141 concordance between a host phylogeny (evolutionary relationships) and microbial community 142 dendrogram (ecological relationships) based on the degree of shared taxonomy and/or abundance 143 of members of the community (18-21). Phylosymbiosis does not a priori imply coevolution, 144 cospeciation, cocladogenesis, or codiversification because this latter vocabulary implies 145 concordant splitting of new species from a common ancestral one (19, 20, 22) . Phylosymbiosis 146 avoids these assumptions because it "does not presume that microbial communities are stable or 147 even vertically transmitted from generation to generation" (19, 20) . Rather, it refers to a pattern 148 in which changes in separate parts of the holobiont (host and microbiota) are related in a 149 concordant manner. It is also a stepping-stone from population genetics to community genetics 150 because when phylosymbiosis is observed under strictly controlled conditions, it tests whether 151 variation in holobiont assembly is primarily stochastic or deterministic (17, 19, 23) . Stochastic 152 assembly means that each microbe has an equal opportunity of colonizing a host. Deterministic 153 assembly reflects ecological selection of a particular non-random microbial community and its 154 host, without reference to which partner, or potentially both, is doing the selecting, and it can be 155 affected by genetic variation in the host or microbial species. Controlled studies of microbial 156 community assembly across different species of Nasonia wasps and Hydra have yielded such biology of their host to improve their own transmission (32). The holobiont is not a conglomerate 185 that arises solely from cooperation. Rather, it is a hierarchical level that can supersede the 186 individual host that lives in association with its microbial community, incorporating both 187 competitive and cooperative selective systems (33). Hologenomes then exist as hierarchically 188 nested, although not necessarily integrated levels of genomes, in which all levels of selection are 189 in play.
190
In summary, we anticipate that many subdisciplines in biology will benefit from a 
